CHRONIC TOXICITY SUMMARY

CHLOROFORM

(trichloromethane; formyl trichloride; methenyl trichloride; methyl trichloride)

CASRegistry Number: 67-66-3

Chronic Toxicity Summary

Inhalation reference exposure level
Critical effect(s)

Hazard index target(s)

300 pg/m? (50 ppb)

Liver toxicity (degenerative, foamy vacuolization, and
necrosis) in rats; increased liver weightsin male rats

Kidney toxicity (cloudy swelling and nephritis) in rats

Developmental toxicity

Alimentary system; kidney; teratogenicity

Chemical Property Summary (HSDB, 1995; 1999; CRC, 1994)

Description
Molecular formula
Molecular weight
Boiling point
Melting point
Vapor pressure
Solubility

Conversion factor

Major Usesand Sources

Colorlessliquid

CHCl;

119.49 g/moal

61.1°C

-63.6°C

197-200 torr @ 25 °C

Soluble in water (8220 mg/L); miscible in carbon
tetrachloride, carbon disulfide, acohols, benzene,
ethersand oils

4.9 ug/m?® per ppb at 25°C

Chloroform (CHCl5) isused in industry and laboratory settings as a solvent for adhesives, pesticides, fats,
oils and rubbers. It isalso used as achemical intermediate in the synthesis of fluorocarbon 22, dyes,
pesticides, and tribromomethane. Chloroform is produced as a byproduct of water, sewage, and wood pulp
chlorination (HSDB, 1995). In 1996, the latest year tabulated, the statewide mean outdoor monitored
concentration of chloroform was approximately 0.037 ppb (CARB 1999a). The annual statewide industrial
emissions from facilities reporting under the Air Toxics Hot Spots Act in California based on the most
recent inventory were estimated to be 79,949 pounds of chloroform (CARB 1999b).



V. Effects of Human Exposure

Limited information is available regarding possible adverse health effects in humans following chronic
inhalation of chloroform. However, historical clinical reports from patients who underwent chloroform
anesthesia indicate that acute inhalation exposure affects the central nervous system, cardiovascular system,
stomach, liver, and kidneys (Schroeder, 1965; Smith et al., 1973; Whitaker and Jones, 1965). Acute
chloroform toxicity included impaired liver function (Smith et al., 1973), toxic hepatitis (Lunt, 1953;
Schroeder, 1965), cardiac arrhythmia (Payne, 1981; Schroeder, 1965; Whitaker and Jones, 1965), and
nausea (Schroeder, 1965; Smith et al., 1973; Whitaker and Jones, 1965), and caused central nervous system
symptoms (Schroeder, 1965; Whitaker and Jones, 1965). Chronic inhalation studies are limited to afew
occupational studies identifying the liver and the central nervous system astarget organs (Challen et al .,
1958; Li et al., 1993; Phoon et al., 1983; Bomski et al., 1967).

Challen et al. (1958) investigated workers manufacturing throat |ozenges with exposure to chloroform
vapors estimated in the range 77 to 237 ppm with episodes of >1100 ppm. Workers reported symptoms of
fatigue, dull-wittedness, depression, gastrointestinal distress, and frequent and burning micturition. No
evidence of liver dysfunction was found based on thymol turbidity, serum bilirubin, and urine urobilinogen
levels.

Bomski et al. (1967) reported 17 cases of hepatomegaly in agroup of 68 chloroform-exposed workers.
Chloroform concentrations ranged from 2 to 205 ppm (duration 1 to 4 years). Three of the 17 workers with
hepatomegaly had toxic hepatitis based on elevated serum enzymes. Additionally, 10 workers had
splenomegaly. Workers exposed to chloroform had a 10-fold increased risk of contracting viral hepatitis
compared to the general population. The study authors considered the chloroform induced liver toxicity as
apredisposing factor for viral hepatitis, but the incidence of viral hepatitisin the workersisin itself a
confounding factor.

Phoon et al. (1983) described two outbreaks of toxic jaundice in workers manufacturing electronics
equipment in Singapore. One plant had 13 cases of jaundice, initially diagnosed as viral hepatitis, in a
work areawith >400 ppm chloroform. Blood samples from workers (five with jaundice, four without
symptoms) contained between 0.10 and 0.29 mg chloroform/100 mL. A second factory reported 18 cases
of hepatitis, all from awork area utilizing chloroform as an adhesive. Two samplings indicated air levels
of 14.4 to 50.4 ppm chloroform. Dueto alack of fever and hepatitis B surface antigen in the patients, the
authors attributed the jaundice to chloroform exposure rather than viral hepatitis.

More recently, Li et al. (1993) reported on 61 chloroform-exposed workers from a variety of production
factories. Exposure levels at 3 representative worksites varied widely, from 4.27 to 147.91 mg/m® (0.9 to
30 ppm) (119 samples), with 45% of the samples below 20 mg/m®. The exposed workers were
subclassified for some studies according to exposure levels into group 1 (mean level = 13.49 mg/m® or 2.8
ppm) and group 2 (mean level = 29.51 mg/m® or 6 ppm). Workers exposed to chloroform had slight liver
damage indicated by higher (abnormal) levels of serum prealbumin (in group 2) and transferrin (in both
groups) than those of control workers. Neurobehavioral functions were also affected, manifested as
increases in scores of passive mood states and dose-related, negative changes in neurobehavioral testing.

These cross sectional studies are limited in their ability to establish chronic NOAEL/LOAEL values dueto
limited exposures, concurrent exposure to other chemicals, inadequate control groups and potential
confounders. However, these studies indicate the potential for liver and central nervous system toxicity in
humans exposed to chloroform viainhalation.

V. Effects of Animal Exposure

Exposure of experimental animals to chloroform for acute, subchronic or chronic durations resultsin
toxicity to the liver and kidney, as well asto the respiratory and central nervous systems (USDHHS, 1993).
The majority of chronic animal studies have used oral routes of chloroform administration (USDHHS,
1993), while only limited data are available on inhalation specific exposures. Both routes of exposure,



however, appear to primarily affect the liver and kidney (Chu et al., 1982; Heywood et al., 1979; Jorgenson
et al., 1985; Miklashevshii et al., 1966; Munson et al., 1982; Roe et al., 1979; Larson et al., 1996; Templin
et al., 1996; Torkelson et al., 1976).

Larson et al. (1996) exposed female and male B6C3F1 mice to atmospheric concentrations of 0, 0.3, 2, 10,
30, and 90 ppm chloroform 6 hr/day, 7 days/week for exposure periods of 4 days or of 3, 6, or 13
consecutive weeks. Additional exposure groups were exposed for 5 days/week for 13 weeks or for 5
days/week for 6 weeks and then examined at 13 weeks. Complete necropsy and microscopic evaluation
revealed that chloroform treatment induced dose- and time-dependent lesions only in the livers and nasal
passage of the female and male mice and in the kidneys of the male mice. Large increasesin the liver cell
labeling index were seen in the 90-ppm groups at al time points. The female mice were most sensitive.
The no-observed-adverse-effect level (NOAEL) for induced hepatic cell proliferation was 10 ppm. The
hepatic labeling indices in the 5 days/week groups were about half of those seen in the 7 days/week groups
and returned to the normal baseline in the 6-week recovery groups. The NOAEL for increased liver weight
(normalized to body weight) was 10 ppm in male mice. Histologic changes and regenerative cell
proliferation were induced in the kidneys of male mice at 30 and 90 ppm with 7 days/week exposures and
also at 10 ppm with the 5 days/week regimen. Nasal lesions were transient and occurred only in mice
exposed to 10, 30, or 90 ppm for 4 days.

Templin et al. (1996) exposed male and female F-344 rats to airborne concentrations of
0, 2, 10, 30, 90, or 300 ppm chloroform 6 hr/day, 7 days/week for 4 daysor 3, 6, or 13
weeks. Additional groups were exposed 5 days/week for 13 weeks, or 5 days/week for 6
weeks and held until Week 13. A “full-screen” necropsy identified the kidney, liver, and
nasal passages as the only target organs. The primary target in the kidney was the
epithelia cells of the proximal tubules of the cortex; significantly elevated increasesin
the cell labeling index were observed at concentrations of 30 ppm chloroform and above.
However, only amarginal increasein the renal cell labeling index in the males was seen
after exposures of 90 ppm, 5 days/week. Chloroform induced hepatic lesionsin the
midzonal and centrilobular regions with increases in the labeling index throughout the
liver, but only at 300 ppm, an extremely toxic level. An additional liver lesion seen only
at 300 ppm was numerous intestinal crypt-like ducts surrounded by dense connective
tissue. Enhanced bone growth and hypercellularity in the lamina propria of the ethmoid
turbinates of the nose occurred at the early time points at concentrations of 10 ppm and
above. At 90 days there was a generalized atrophy of the ethmoid turbinates at
concentrations of 2 ppm (the lowest concentration tested) and above.

Torkelson and associates (1976) exposed rats (12/sex/group), rabbits (2-3/sex/group), and guinea pigs (8-
12/sex/group) for 7 hours/day, 5 days/week over 6 monthsto 0, 25, 50 or 85 ppm chloroform vapor. Dogs
were exposed to 25 ppm chloroform, for 7 hours/day, 5 days/week for 6 months. Dose and species-
dependent pathological changesin the liver included mild to severe centrilobular granular degeneration,
foamy vacuolization, focal necrosis, and fibrosisin both sexes of all speciestested. Guinea pigs were the
least sensitive and male rats the most sensitive to chloroform induced hepatotoxicity; the above adverse
effects occurred at 25 ppm. Adverse kidney effects observed in all speciesincluded cloudy swelling of the
renal tubular epithelium and interstitial and tubular nephritis. Pneumonitis was observed in the high (85
ppm) exposure groups of male rats, female guinea pigs, and male rabbits, and in the lower dose group of
female rabbits (25 ppm). Clinical and blood parameters were also examined in rats and rabbits, but no
alterations were attributabl e to chloroform exposure.

Effects on average body weight, and relative liver and kidney weights of rats due to
chloroform exposure 7 hours/day for 6 months (Torkelson et al., 1976)

Unexposed
Sex Parameter control Air control 25 ppm 50 ppm 85 ppm




male survival 11/12 10/12 9/10 6/10
avg. bw 343 356 305* 316
liver 2.45 2.52 2.48 2.76*
kidney 0.69 0.70 0.81* 0.84*
male survival 8/12 12/12 9/12
avg. bw 319 347 335
liver 2.67 241 2.65
kidney 0.75 0.70 0.83*
female survival 10/12 9/12 10/10 10/10
avg. bw 202 223 203 206
liver 2.92 2.99 3.00 3.12
kidney 0.82 0.81 0.95 1.06
female survival 10/12 12/12 12/12
avg. bw 211 202 194
liver 3.02 2.93 3.08
kidney 0.83 0.84 0.94*

* p< 0.05




VI. Derivation of Chronic Reference Exposure Level (REL)

Sudy Torkelson et al.(1976)

Sudy population Rats, unspecified strain (12/sex/group)

Exposure method Discontinuous whole-body inhalation exposures (O,
25, 50, 85 ppm)

Critical effects Pathological changesin liver (degenerative), and
kidneys (cloudy swelling)

LOAEL 25 ppm

NOAEL Not observed

Exposure continuity 7 hr/day for 5 days/week for 6 months

Average experimental exposure 5.3 ppm for LOAEL group (25 x 7/24 x 5/7)

Human equivalent concentration 15.9 ppm for LOAEL group (gas with systemic

effects, based on RGDR = 3.0 for lambda (a) :
lambda (h) (Gargas et al., 1989))

Exposure duration 6 months

LOAEL uncertainty factor 10

Subchronic uncertainty factor 1

I nter species uncertainty factor 3

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 300

Inhalation reference exposure level 0.05 ppm (50 ppb; 0.30 mg/m®; 300 pg/m?)

In the study of Torkelson and associates (1976) rats were the most sensitive species and guinea pigs the
least sensitive to chloroform vapors. Though of subchronic duration, this inhalation study still exposed rats
discontinuously for 25% of alifetime (25.8 weeks/104 weekd/lifetime). Pathological changes were
observed in both sexes of rat at 50 and 85 ppm (244 or 415 mg/m°) and in male rats at 25 ppm (122 mg/m°)
chloroform. These hepatic changes included mild to severe centrilobular granular degeneration, foamy
vacuolization, focal necrosis, and fibrosis. Adverse effects in the kidney including cloudy swelling and
nephritis were seen in all species tested at 25 ppm (122 mg/m?) chloroform.

An unexpected finding in animals was the generalized atrophy of the ethmoid turbinates of F344 rats after a
90 day exposure at concentrations of 2 ppm chloroform and above (Templin et al., 1996). Nasal lesions
have also been reported in F344 rats given chloroform by gavage (Larson et al., 1995). This severe and
extensive chloroform-induced olfactory mucosal degeneration in ratsis not associated with detectable
olfactory deficit (Dorman et al., 1997). Asthe basis of the REL we have used the more usua chloroform
organ targets of liver and kidney. However, confirmation of nasal effectsin other rat strains and other
species may require reassessing the basis of the REL for chloroform.

The human occupational studies have reported jaundice with or without alterationsin liver enzymes at
similar ambient concentrations: 2 to 204 ppm chloroform (10 to 995 mg/m®) after at least 1 year (Bomski et
al., 1967) and 14 to 400 ppm chloroform (68 to 1952 mg/m®) after 6 months or less (Phoon et al., 1983).
The presence of jaundice and hepatitis in these 2 reports made them questionable for use in developing a
REL. InthelLi et al. (1993) study the workers were exposed for an average of 7.8 years (range = 1-15
years) and the air concentrations ranged from 4.27 to 141.25 mg/m® with a geometric average of 20.46
mg/m®. The exposed workers were subdivided into higher (n=46) and lower (n=14) exposures, but the
separation was not indicated for all results. If the lower exposure level of 2.8 ppm (13.49 mg/m®) is
classified asamild LOAEL based on asignificant difference from controlsin one type of neurobehavioral
test, the exposure level can be time adjusted to an equivalent continuous exposure of 1 ppm, then divided
by a LOAEL UF of 3 and an intraspecies UF of 10 to yield a REL of 30 ppb, in good agreement with the
proposed REL of 50 ppb (300 ug/m?) based on animals (rats).

Chloroform is metabolized by the cytochrome P-450 dependent mixed function oxidase system, primarily
in the liver, the respiratory epithelium, and the kidney. Intherat liver and kidneys, chloroform is
metabolized to phosgene (Pohl et al., 1984). The hepatotoxicity and nephrotoxicity of chloroformis
thought to be due largely to phosgene (Bailie et al., 1984). Individuals with concurrent exposure to certain



chemical inducers of liver cytochrome P450 activity, including barbiturates, may be at potentially greater
risk of chloroform toxicity (Cornish et al., 1973). Others with possible higher sensitivity to chloroform
include persons with underlying liver, kidney or neurological conditions.

VII. Data Strengthsand Limitations for Development of the REL

Strengths of the chronic REL for chloroform derive from the critical effect being found in the liver, awell-
established site of chloroform toxicity. Limitationsin the datainclude the lack of a NOAEL in the key
study, the less than lifetime duration of the key study, and the limited number of chronic inhalation studies
available.
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